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(57) Disclosed Is o method tot determining the con- 
centration of an anafyte in a sample of body fluid. Tho 
method involves contacting (he body fluid sample with a 
test &tnp containing mobile, lobol(*J specific binding 
partner for die analylQ, through which rfrlp the lest fluid, 
anajytu and any complex formed by Interaction of the 
anatyte and labeled spacHic binding partner Therefore 
can flow t»y capillarity. The atrip contains at le.ast one 
zone for capture of the labeled apacHlG binding partner 
and at least ono separate zona for retention of the ana- 
lyto/tobeitfcl specific binding partner complex. By deter- 
mining tlie magnitude of the signal from the detectable 
label in the capture zonef» and retention none(s) and 
detnr mining a final responso signal by correlating sJfl- 
UHlt; using nn algorithm and number of zones chosen in 
a manner that provides a final rgcpon&e signal best 
suited lor the particular assay, the concentration of the 
anafyto can be determined with greater precision. 



CM 

CO 

o 
in 

OO 
O 

a 

UJ 



Pi|n(fld bf Xnrair (UK) Qtoinosii Annnsm 

1 \q.7q o • 



Received from < 1 978 341 0136 > at 6118/03 3:25:32 PM [Eastern Daylight Time] t Version: 1.03 .0002 



AUG-18-2003 MON 03:04 PH HBSR 



FAX NO. 1 978 341 0136 



P. 03 



EP 0 895 0&4 A2 

Description 

McJ^rogndMjt^oJ.^ 

* [00011 IrrminoctocmmogrRphlc strip formats have become increasingly popular tor quaiitative and semi -quantitative 
assays which Lisa visual detection schemes. This type of immunoassay Involves the application of a liquid test sample 
suspected of containing an an; dyUu to be delected to an application zone of an imrnunochromatographic test strip. Trie 
Strip is comprised of a matrix material through which the lest fluid and anaiyte su$ponded or dissolved therein on flow 
" by capillarity from the application zone 1o a capture zone where a detectable signal , or the absence of such, reveal the 

to presence of the anaiyte. Typically, the strip will include means tor immunospecifieaity binding the anaiyte to be detected 
with ils specific binding part/wr which bears the detectable label, fn one such scheme, as disclosed in U.S. Patent 
4,446,232; trw strip contains an enzyme labeled, mobile binding partner for the anaiyte which is In a ion a downstream 
from the sample application zentv If annlyta is pracent in the lost sample, it will combine with its labeled hintjncj partner 
to form a complex which will ftow along Hie strip to a delection zone which contains a substrate for the enzyme label 

is which Is capable of providing a colored response in trie presence of the enzyme label. The strip may contain a zone In 
which anaiyte is immobilized, go that labeled binding partner which does not combine with anaiyte. due to the absence 
of analylo In the sample, wM be captured and thereby inhibited from reaching the detection zone. There have been pub- 
lished various modif Icaliuns of this technique, oil ol which involve same competitive specific binding system in which the 
presence or absence of anaiyte in the test sample is determined by the detection or lack thereof of labeled binding part' 

to ner in the capture zone. 

IG002] An alternative to the above described immunomatrlc assay which detects the free labeled antibody is the so 
called sandwich format in which the capture zone contains Immobilized antibodies against an epitope of the anaiyte 
which Is different than tha epiiope to which the labeled antibody Is specific. In this formal, there is farmed a sandwich 
of Iho anaiyte batwocn the immobilized gnd labeled antibodies and il is therefore an immunometric assay which detects 
the bound labelled antibody species. 

[0003] Not all of the $ch£m&s for irnmunochromatography rely on an enzyme labeled binding partner/enzyme sub- 
strata for providing tha signal for detection of the anaiyte, tn US- Patent 4,806,311 there is disclosed a multizone test 
devfce for the specific binding assay determination or an anaiyte and an immobilized binding partner therefors together 
with n capture z^no for receiving l^&ied reagent which migrates thereto from the reagent zone. The capture zone con- 
30 tains an immobilized form of a binding substance for the labeled reaoent. The labeled reagent bears a chemical group 
having a detectable priysical property which is detoctablo on the basis of its own physical properties, so that it does not 
require a chemical reaction with another substance. Exemplary of such groups are colored species of fluoresces, 
phosphorescent molecules, radioisotopes and electroactive moieties. 

[0004] United Slates Patent -1703,017 describes the use of visible particulate labels for the receptor. Various parte- 
ulote labels &tich as gold so3 pmtlcles and visible dye containing liposomes are mentioned, 
[0Q05] In WO-96y3427i thora Is disclosed a device for determining a target anaiyte and creatinine in a f tuid test sam- 
ple which device has an assay strip for the detection of creatinine and a second assay strip for the detection of lbs target 
anaiyte. The creatinine concent] ation may b a determined colorimetrlcally or by the specific capture ol labeled creatinine 
binding partners. The concentration of the target anaiyte Is corracted based on the sample's creatinine concentration 
49 w! lich correction enn oither bo done manuafly or by means of a properfy programmed reflectance analyzer. 

[0006] EP 0 402 37G A2 discloses an ImiTiunochromato graphic procedure in which signal at the caplure Bile and the 
conjugate rocoveiy eito of the strip are detected and the analyle concentration is determined by the intensity of the sig- 
nal at the capture site relative to the signal at the conjugate recovery site. Also of interest in this regard is U.S. Patent 

45 (QUO?] Immi ^chromatographic strip formats provide a viable system for the determination of various anafytas 
(whother they be antignns or antibodies) but suffer from the limitation mat they yield results which are at best semi- 
quantitative when, for some anafytos, mora precise, quantitative results are required. Accordingly, it would be desirable 
and it is an object of the present invention to provide a means for quantifying the results of analyses carried out by the 
use of immunochromatoQfophic strip formats. 



so 



[0006] The present invention irwolvec a method for determination of an anaiyte in a sample of body fluid which com- 
prises the steps ol: 

o) providing a test strip comprising a matrix through which the fluid sample can flow by capillarity, said strip having 
a first rogion which contains mobile specific binding partner tor the analyto which binding partner bears a detecta- 
ble label and can react with the anaiyte to form an analyteMieled binding partner complex, at least one second 
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rogion which Domains immobilized analyte Dr an Immobilized binding partner which is specific for an epitope of the 
analylo different than that to which tho labolod binding partner is specific at least one third region which contains 
means for capturing the anajyte/lubeled specific binding partner compl&x which is not bound in the second region 
and a fourth region which contains means for producing a detectable signal the intensity of which corresponds to 
j the level of a second Analyte whose concentration is clinically related to that of tho analyte whose Concentration in 
tho body fluid Is boing doterminrtfi; 

b) developing the mat/U by applying a sample of a body fluid suspected of containing the first and second analytes 
thereto thereby allowing it to contact the labeled specific binding partner go that the analyte present in the fluid 

10 camplo binds to tho labeled specific bincflng partner to form a complex while leaving excess, unreacted labeled 
binding par In fir free to further react whereby the fluid sample carries the analyte/labeled partner complex and unre- 
ad*^ label*! bindiivj partner along the matrix by capillarity to the second region containing tho Immobilized ana- 
lyUa in which region unreached labeled binding partner its bound to tho immobilized analyte in inverse relation ship to 
the concentration of the first analyto in the fluid teat samp I a or is bound to the immobilized spacrfic binding partner 

m fn a direct relationship io the concentration of analyte in the fluid teak sample; and the labeled specific binding part- 
ner which did not bind to the second region is carried by capillarity to the third region where it Is captured by the 
capture moans; 

c) reading the second zone of the dovolopod matrix on an inslmment having a detector capable of measuring the 
so signal horn tho deitccfcahla label to determine the concentration of the labeled binding partner in the second zone 

and reading lha third 2 one of tho developed strip in a similar manner to determine tho sjgnel from the labeled bind- 
ing partner In the third icne of tho matrix; 

d) determining a final response signal by ratfoing the signals from the lohefed binding partner immobilized in the 
26 second region and the labeled binding partner captured En the third region; 

a) deter mining tho concentration of the first analyta in the fluid sample by comparing tho final response signal 
rtetanninod In step (d) with final response signals determined in a simitar manner for fluid samples containing 
known Gonceritrjt/ons of tho first analyto; 
oo and 

1) correcting the concentration of the first analyte determined in step (e) by determining tha concentration of the 
second annlyta In the fluid test sample by measuring the intensity of the signal In the fourth region of tha matrix and 
converting this to a concentration value of tha second anaiylo and then determining the ratio of the second analyte 
w lo the fit st analyte whosa quantitative concentration is being sought 

[OOOaj The present Invention la practiced by first providing the test matrix throurjh which trie fluid test sample can flow 
40 by capillarity. Tyr dcally, tha matrix will ba In tha farm of a strip through which the last fluid flcw3 horizontally. While the 
matrix could bo assembled in a layered format through which the test fluid could flow vertically from top to bottom or 
vice -versa, in* following discussion ia focused on the preferred strip format. 

fOOIOJ The strip can be prepared from any matrix material through which the test ftuid and an analyte contained 
therein can flow by capillari ty and can be of a material which is capable of supporting non-btoufous lateral flow. This typo 

45 Of flow hj described in US. Patent 4,943,522 as liquid flow in which all of the dissolved or dispersed components of the 
liquid aro carrfad through the matrix ot substantially equal rates and with relatively unimpaired flow, as contrasted to 
preferential retention of one or more components as would be the case if the matrix material wero capable of absorbing 
or imbibing ona or more of tho components. An exanpJe of such a matrix material is the high density or ultra high molec- 
ular weight polyethylene sheet material from Forex Technologies. Equally suitable for use as the matrix from which the 

so chromatographic strips can ba fabricated are bibulous materials such as paper, nitrocellulose and nylon. 

[001 1 ] Various Imrnunochroniatographlc strip formats at e suitable for use In conjunction with the present invention. A 
particularly suitable format in mat which is disclosed in U.S. Patent 4,446,232 fn which there is described a device far 
the determination of the prexsonce of antigens, which device comprises a strip of matrix material having a first zone in 
which there are provided immobilized analyte and eruyme linked antibodies specific to 1he analyte to be da tor mined. 

55 Tha laboled antibodies can flow to a second zone when reacted with analyte introduced Into the first zone via the test 
sample btrf will not so flow in the absence of analyte In the test fluid due to their being bound In the first region by inter- 
action with the immobilise**! analyte. Tho analyto Is typically antigen, although tho format can ba designed to detect the 
presence of antibodies as annlyie. Modifications to this format are disclosed in U.S. Patent 4,568,1 OS, In anoiher mod- 
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of capture bands can reduce ihe (signal in this 7one. 

ID015J In genaral, Iho crux of the p^sont invention involves choosing a particular algorithm and additional capture 
anchor detection bands fio as to after tho signal in such a way that it can be read with graater precision by a reflectance 
meter 

[001 G] There are two steps Involve in developing an appropriate algorithm. The first is to Increase the signal to noise 
■alio to ati liijjh u level no possible. T>in second Es to define an algorithm which easily fife an equation so thai accurate 
values tor any analy to concentration may be obtained. Tliic is dejTionBtrated by the following study involving a drip coo> 
lainino three bands (2 capture bands and one detection band). The two capture bands had different capture reagent 
concentrationr, with thu first capture band having a tQMold lower capture reagent concentration than the second. This 
format demonstrates thai different combinations and concantrations of capture and collection bards can be used 
depending upon the uiiquo properties ol each assay. Data weie taken (representing N*18 for each anaiyie level) using 
3 different CLINITEKT 50 rofloctance meters over a period of Z days. Tabic 1 shows the Figure of Merit (FOM) differ- 
ences between DPD levels of tho various band reflectance changes and the use of various reflectance changes and 
the use of various algorithms. The FOM is calculated as (Avg1-Avg2)/(SD WGD2) where Avg1 and Avg2 are tho moan 
measured values for analyte lavol 1 and analyto level 2 and $D 1 and 6D2 are the standard deviations of the mean vai^ 
lies for analyta level 1 and imafyto level 2. 
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[0017] In Tnbfe 1, Capture 1 Is the IR corrected reflectance data for the Capture 1 band, detection band 1 is the IB 
corrected reflectancs data for detection band 2, Cap1/Det1 is the K/S transformed data of Capture 1 divided by Detec* 
lion 1 and Algor 1 is: ' 

G/{Capturo Band 2/E Capture Band$)*ABS(2-C)} 
where C * 100 ,V (1 + ^Detection BiwJs/E)fteagent Bands)) and Totai/Capt as: 

I(AtI Bande)/Capturo 1 

whoro ABS represents the absolute value of lhe number. In this illustration, the detection band performance decreases 
as the DPD concentration increases, whereas farmer signal changes are noted for the capture band. For any algorithm 
the goal Is to wefohr the reflectance values in such a way thai the signal to noise ratio In the region most crrtical to the 
away is maximized. This csn be accomplished by use of FOM analysis and Algor 1 is designed to weight the differ- 
ences ol the two caplure band-, higher a| low analyte concent lions where this difference is orealcst wilh thai wefghtino 
p( the coilectton band over the total at higher anaiyta concentrations. The other goat of Algor 1 is to place Hire weighting 
in a way which allows fitting to a common fcur parameter fit used in many (mmunoassays. 

[00t8] The second step In algorithm development is to use an equation which can be easily fitted and rjive accurate 
anayie concentrations far In between values. While FOM is a good method for distinguishing between two discrete ana- 
iyto ovate, it atas no information about the shape of the curve, ttio best approach is often one that uses an analysis 
whtch mimics the chomislr y ol the particular assay. For immunoassays this is often a four parameter fit equation The 
tost for any fitted equation and Rlgonlhm is the use of raitfom samples with various anafyte concentrations and the cal- 
culation of the error (% CV) and bias. The goaJ is to seek the lowest % CV with minimal bias throughout the expected 
range of tho assay. A comparison of the DPD results 0-250 nM/mM In urine for two types of analyses Is shown In Tables 
?. nnd 3 for the throe band Immunostrips used in this illustration. 



S 

Received from < 1 978 341 0136 > at 8/18(03 3:25:32 PM [Eastern Daylight rimef version; i . 03 .0002 



AUG-18-2003 HON 03:07 PH HBSR 



FAX NO. 1 978 341 0136 



P. 07 



EP 0 895 084 A2 



TABLE 2 
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TABLE 3 
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[0019] From the data of Tcibltis 2 and 3, it can bo deter mined that lor this particular analysis, the first algorithm lias 
Ions mor, as measured by tha % CV ( ot all DPD values. This example Illustrates Ihe somewhat empirical method for 
finding a correct algorithm. The chosen algorithm will be one which has the lowest error associated with it for a given 
Glrip formulation and format and a given clinical ranga tor tho anaiyto. 

[0020J After the value for the target analyte has been obtained, the Instrument uses the reflectance value al one or 
mcru wavelengths of th*i raagont pad fgr trie second analyte to determine the concontration of this analyte in the fluid 
test sample. In the case in which DPD is (he target analyte and creatinine is the second analyte, the precision (or ihe 
reduction of signal 1o noise) fc critical to the assay for both anaJytes. Absent a high level of precision, the resulting error 
will produce a teat which has tittfe medical significance since as Eirtfa as a two fold Increase in the DPD/creatinine ratio 
occurs between the normal and osteoporosis slatfts. The second analyte is selected from those materials in the body 
flutel which are clinically rokalod to the first analyte. The mast notable example of a second analyte is creatirvno, the end 
metabolite when creatine becomes creatine phosphate which is used as an energy source for muscle contraction. The 
creatinine produced is filtered by the kidney Glomeruli and man excreted into tha urine without reabsorption. In order to 
Increase the sensitivity of urinary assays and minimise the problem of high urine flow rates which result in urine dilution, 
analytafcroaiinlne ratios nro used in urina proteJn assays to normalize the urine concentration. Common creatinine 
assays include the alKnilne Jaffa and Benedrct-Behro methods which are run at a high pH P typically in the range of from 
1 15 to 12.5, More recent)/, thero has been developed a creatinine assay in which the urine sample is contacted with 
cuprlc tons in the presonco o| citrate, a hydroperoxide and an oxicf«abJe dye which provides a colored response in tha 
presence of oxygen free radicals and a pseudoperoxide, This method is more fully described in U.S. Patent 5,374,561, 
Creatinine quantitation may also be accomplished immunologically as desoibod in WO-3&/34271. Those second ana- 
lytes whoso concentration In tho body lluid sample is dinfcally ralatnd to the concentration of tho target analyte arB not 
limited ro creatinine in urlno nor is urina the only body lluid which can be assayed by the method of the present invon- 
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licia Thus, for example, tho body fluid tested can be whole Wood, lha first (target) anaJyta can bo HbA lc and the second 
analyto can bo total hemoglobin tfince the apparent concentration of HbAi c can bo aojustod to the whole blood's total 
homoylubin concentration lo factor out bias in the HbA )c assay. Inutin, administered intravenously, Is. like creatinine, an 
indicator ol renal flow. In serology based assays the first analyte can be total prostate specific antigen and the second 

5 annlyta free prostnte specific antigen. Another pair of analytea whose concentrations are clinically related are alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) which are widely distributed in human tissues. Both AST 
and ALT oro normally present in human plasma, bile and saliva. With viral hepatitis and other 1arms of river discaso, 
levels ol AS rand ALT are elevated oven before clinical signs of disease, such as jaundice, appear. In toxic or viral hep- 
atitis, ALT to chaiactgrirticaJly as high or higher than tfia ALT and the ALT/AST ratio, which is normally <1. approaches 

7 fl or becomes greater than unity. Furthermore, AST concentrations increase after myocardial infarction thereby changing 
the ratio of these two on^ymQc and their activity Trius, cltnicatly significant results can be obtained by determining the 
ratio of these two nnnlytes in serum- 

[00311] Many clinically significant target anaJyies are present in urine and are determinable by means of the present 
invention. Among these anafytes are deoxypyridinoline (QPD), human serum albumin, drugs of abuse such as amphet- 

is amlne^/harbiiurates/cacaine, clinically important protein markers such as prostate specific antigen, kidney disease pro- 
teins such as lactate dehydrogenase, N-ncelyi-B^O-ofucoseimindase, pregnancy or fertility associated hormones such 
a?, human chorionic gonadotropin, follicle-stimulating hormone and lutenizing hormone, markers or urinary tract infec- 
tion such ai> Tamm-HorRfall protein or iipopolysaccharido, beta-2-microglobulia amylase and chlamydial LPS. Deter- 
mining tho ratio of IgA/IgG to assess infection can be accomplished by means of the present invention. Correcting their 

so absolute concentrations for variations in renal flow by rajiojng those concentrations to observed creatinine concentra- 
tions Increases the precision and accuracy of the measurements. 

[<K)22] While the means for detecting the signal from the developed sirip wilt depend on the detectable label attached 
to lha Icibuled binding partner, the u<;e of a retted a nee meter is typical whan the label's detectable physical property Is 
(ho reflectance of light at a predetermined wavelength In the visible or infrared region of the spectrum In a preferred 

itf embodiment, there is provided a reflectance meter with means for moving the strip or the mater's detector dement rel- 
ative lo each other such as by use> ol n sp adman labia for the strip which can be moved laterally under the readhead of 
the detector. Tph technic^* will assist in providing accurate quantitation for regions of the strip which may not have 
b&ftn precisely located with respect to the detection means of the reflectance mater. Mare specifically, the location of 
lha strip rotative to tho defector con be under microprocessor control, so that the reflectance from the second, third or 

or; lourth legions of ihn strip, and individual bands within these regions, can be individually determined. 

[Q023] Tho mulhod of practicing the present invention is mora fully illustrated by tho following examples: 

35 (6024] A test snip for the extermination of creatinine and deoxypyridinoline (DPD) containing six distinct areas assem- 
bled together onto a polystyrene backing of 4 inches (101,6 mm) in length and 0.2 inch (5.0 mm) in width is illustrated 
by Tig. 1 . Referring to Fig. 1, araa 1 is the creatinine pad with a size of 0.2 x 0.2 fnch. The creatinine pad was prepared 
ail follows to render it suitable for the colorimetric determination of creatinine: Whalman 3 nvn fitter paper was first 
lr anted by dipping it to a depth of 0.2 inch into a solution containing 30 mM copper sulfate, SO mM citrate. 750 mM glyc- 

40 orol-2-phnspholo, 0.2% hoxnne sulfonic acid. 50 mM phytic acid and 0.2% sodium dodecyl sultanate (SDS) at pH 6.94. 
After tlrybig. the strip was dipped into a solution containing 33 mM 3,a\5.5 -tetramethytberBWIne, 73 mM diisopropyt- 
benzene dihydrop epoxide. 63 mM trii&opropanol amine borate, 0.5% plpsonda arid 0.032% ethyl orange. The intensity 
of the colored response produced when the strip is contacted with an aqueous medium containing creatine is propor- 
tionate lo the concentration of creatinine. Area 2 is the buffer pad, prepared by impregnation erf Whatman F075*07 glass 

4S fiber w(th 0.5 to 7 M glycine and 175 to 350 mM urea and hAving a siz* of 0.2 x 0.6 inch (12.7 mm). The buffer pad 
carver, the purpose of buffering the pH of urine samples to the desired value. For example, the pH of urine can range 
bom 4.5 to & and a buffer pad can bo used to Keep the samples at a pH >7 to favor (he antigen/antibody bonding reac- 
tion. "There is a 0. 1 1nch (2.5 mm) gap between creatinine pad 1 and buffer pad 2 for purposes of isolating the creatinine 
reagent from the buffer pad reagent Area 3 is a gold sol * DPD antibody pad (first region containing a labeled binding 

so partner specific for the nnaJyte). Areas 4 and 5 are the immunochromatography development area where the capture 
ortd detection reagents ere deposited onto one piece ol nitrocellulose having a size of 0.2 x 1.25 inch (31.75 mm). Area 
4 contains three enpturo bnrtfa (second region containing immobilized analyta) with DPD immobilized to carboxyl ter- 
minated polyothylone glycul with a band widlh of about 0.059 Inch (1.S mm) per band and a 0.2 inch space between the 
bands (from center to center). At 0,3 inch from the center of the third capture band is area 5 consisting of one anti-fgQ 

5$ collection band (third region for immobilizing unreacted labeled binding partner) with a band width of about 0.059 inch 
( 1 .5 mm). At 0.2 lncn above the collection band is the absorbent pad 6 which serves to absorb the liquid which migrates 
from the nitrocellulose cren of the strip having a size of 0.2 inch x 0.5 inch (12.7 mm). 

[0025] To perform the awry, the strip was dipped into the fast solution. Le. a urine sample containing the DPD analyte 
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to bo determined, for 3 seconds to a d^rth such that only the creatinine zone and huffor pad wore below the surface of 
the test solution which allowed the teat coluiion to flow up the atrip by capillarity through the capture bands of the cap- 
ture region, the angle band of Hie detection region and to the abeorbant pad. At die and of the 3 second dip the strip 
was placed on the read table of a CLINITEK* SO reflectance spectrometer and the devices start button pressed. The 
creatinine pad reflectance was recorded at 3 minutes and the reflectance of the immuno DPD strip (all 4 bands) was 
measured and recorded at 3 minutes. Reflectance signals for the DPD assay were measured with IR and green fitters 
whereas reflectance 1or the creatinine assay was measured using red and green filters. The dovico gives a response In 
decode valueo which is dorivetJ by equations 1 to 5, 



Equation 1 



20 



Dacode for Creatinine M fRl green 

[RJxed 



whero [R] yiHw i TtiQ reflectance measured with the green filter. [fl] r(fcd is the reflectance measured with the red filter. 
[0026] For the DPD assay, the band response signals were designated as indicglod in Table 4, 

T ABLE 4 

Btind Signals Do* Ignition for OPE Assay 

MQcLJf* Ty^e Designation 

1 Capture band 1 PI 

2 Capture band 2 P2 

3 Capture band 3 P3 

4 Collection band 1 P<S 



The reflectance wfth the green filter is raliood to the reflectance with the iR filter to reduce the error from the variations 
botween strips such as heiQht and suirlace variations. The reflectance at the IR wave-length remains fairly constant 
40 rcgurdiosc of tho gold sol frrton^ify of the band- The corrected reflectance, [Rn], tc calculated according to Equation 2. 

Equation 2 



[Rn] - 



[Rn] 



where n Is the band number 1 , 2< 3 or 4, (Rn^ rflftn is tho reflectance of band n with green fitter, [RnJiR is tha reflectance 
of band n with IR fiitor, Tho number 65 Is the assigned corrected reference value since the % reflectance with tho IR 
filter Is about 65%. 

[0027] The !R ooirected rtflectance value, [Rn], is then converted to rCS according to Equation 3 to give the band 
4? response signal for each band: 
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Equation 3 



Rand Signal = Pn = 



(1 - [*nn* 



2 X [Rn] 



10 

where band signal, Pn, is tho K/S transformation reflectance value, [Rn], 

[0028] Thn response decode of each band Is finally computed acceding lo Equation 4. 

« Equation 4 



T 

Decode for DPD assay = 

Pi 

where T Is iha summation of tho band signal for all bands {Equation S), 

Equation 5 

T = 2 Pn 

11 * \ to fl 



where N la the lotol number ci capture bands and collection bands which Is 4 in the present example, Pn Is the hand 
siQrtof n and n to 1 . 2, 3 or 4. 

m [0&29] Standard curves tar DPD and creatinine were generated using calibrators containing six levels of analyte con- 
centrations* Examploci of standard curves ara shown in Fig. 2 tor the DPD assay and Fig. 3 for the creatinine assay. The 
DPD and creatinine concentrations for lho urine test sample were calculated from the DPD and creafinino standard 
curves respectively. The DPO/craattnine ratio in nM/mM was then calculated for urine sample A as per tha following cal- 
CufNtion: 

40 

DPD conc&ntmiion calculated from the DPD standard curve =* 123 nM 

Creatinine concentration calculated from the creatinine standard curve w 10.2 mM 

45 The DPD/creallnine ratio * 1 23 nM/10.2 mM y 1 2, 1 nM/mm. 

[0Q3O] Tho cutoff for determination of a state of high bono resorption is a DPD/crealinine ratio is 7.4 nM/mM. Lower 
than 7,4 fs normal and larger than 7.4 is at the state of high bone resorption. Therefore, in this example, the result indl- 
CAtus a state of high bane resorption. A second urine sample was analyzed in a similar manner and gave the following 
so results: 

DPD concentration * 123 nM 
Creatinine concentration « 2Q.5 mM 
DPD/Craatinlna ratio * CO nlvVmM. 



S3 



Although Vie DPD concentration Is the same, the ratio of DPD to creatinine indicates a slate of low bone resorption 
IOfl.11] Pi™ runs were nvute using the abovu procedure with urina samples containing varying amounts of DPD and 
traatininD, Tho expected anrJ observed ratios as well as standard deviations, % coefficient of variance and pocitive/neg- 
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stive biayaa are set out In TaWo 5. From Table 5 It can be determined that a pr eci&lon of less than 1?% CV was obtained 
at three tevsla, 4,32, 7,54 and ia,07 rM/mM c| DPD lo creatinine. 

TABLE S 



so 



PPp/Creatiriine Assay Performance 









COVBCflid' {'^k 






4,29 


Q.SQ 


11.6*. 


-0.13 


7,&4 




O.B9 


11,7% 


0,OS 


12,07 


12-04 




11.5% 


-0.03 



(0O32J Whilo tho gold sol labeled antibodies are visually observable In Ihe capture and collection zones of the atrip, 
clinically meaningful results are obtainable only through tha use of a reflectance meter, This Is the case because of the 
us* of multiple bands across the entire length of the strip. In addition, the band signals require reflectance measure* 
jo merit at diffwrenl wavolonglhG (IK green and rod) using an instrument with the capability to measure and record the 
retladanca at these wavetength-s. The reflectance measurements are ratio &d based on a predetermined algorithm 
using the instrument's software. Furthemnore, the analyte concentrations are determined using standard curvas stored 
In the Instrument and the DPO/oreatinine ratio Is computed using the software set up In the instrument, 
[Qfl3$] In lha above exampte, the final response signal (decade) for the DPD assay was determined using the algo- 
us rithni docodo » [TVPn] whore T its tha summation el the signal from all toitf bands and Pn is the band signal of band 1. 
Tha use of this hIqoi itfim enhances tho accuracy of tha assay because raticmg tha band signal minimizes the system- 
atic error such as error introducad by instrument to instrument variation. Other algorithms may be used to determine 
tha final response signal. The response signal in this example was determined as: 

40 Response Signal ^ P'/Capture Band 1] or pVP 

where all band signals are K/S trans: Ion nation reflectance valuos and T is the summation of capture bands and detec- 
tion bands. 

[0034] The advantages ot u^ing band mtloing Is demonstrated by the data of TaWes 6 and 7 from which rt can be 
415 determined tliat the predion with which the sirip can determine the concentration of DPD is much greater than that 
which in obtainablo when unlng only tho signal from the capture zone. 
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TABLE 6 

Respomse Signal - Band Ratioing Algorithm [T/P t ] 



Exoected 1 




Recovered 




DPD/CR 
nM/mM 


DPD/CR 


SD 


fl / fl CY 


4.15 


4.23 


0.53 


12,5 


8,09 


a. io 


0.2S 


3.5 


10,37 


10.44 


1.16 


11.1 



TABLE 7 

20 

Response Signal = Capture Zone [PJ (no band ratioing) 





Recovered 


DPD/CR 
nM/mM 


DPD/CR 
nM/mM 


SD 


VJCV 


4.13 


2.84 


4.1 


144 


8,09 


7.74 


0.46 


6.0 


L0J7 


10,99 


2.0 


13,5 



oo [0035] Alternatively, tha final response signal can be calculated as: 

Respond Signal » [Detection Band/Capture Band] 

whom alt band aignata tve K/3 transformation reflectance valuer Alternatively, when the strip contains multiple capture 
<w bands and detection bflnda, t*io final response signal can be calculated as: 

[Capture Band 1/0 election Band 1] 

where all senate are K/S transformation reflectance values. Another method of calculating the response signal Involves 
45 using the algorithm: 

Response Signal * [W CAp " Capture Band T Detection Band] 

where all band signals are reflectance values and the W Kip and W tJtll are weighting functions which weight the capture 
so bands and detection bands differently. Thus, a large number of algorithms can be used to determine the final response 

[003fi] The calculation of Ihq response cignql by ralioing the signals Item the. labeled binding partner iinmobilizod In 
ttie eooortd (capture) region of the strip and the labeled binding partner immobilized in the third (detection) region is crit- 
ical to increasing the precision of Uib assay by reducing the signal to noise ratio. This enhanced precision is necessary 
fs for the test to have clinical significance since only a two-fold increase In the DPD/croatintna ratio occurs between the 
normal and disease Indicating osteoporosis states. 

[0037J Further evidence of Iho Improvement in analytical results that can be achieved by the present invention is pra- 
srsntort in Tables a-10. Thasa table were prapnted using the same data set but 3 different algorithms (F/PiJ with band 
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rntloinfj, % rafloctaneo of first capture band with no IR ccriGction and no band ratioing and % reflectance of first capturo 
band with mo bund raliofno but whh IR correction) are compared. 

TABLE 8 

s 

Performance Using [T/P t ] Band Ratioing Algorithm 

11 ' 12-3 , 1 3.0 , I 1 4.1 t 4.2 1 q,7 I iUl I 0.01 1 IfflT I 

3J f __3M__ I 3L1 t P44_ < -J,?; I -ia,lfl t 1,7 * \4 J OJ I UJ6 , l_rOIl _L-1171_| 
71 \ 7&1 * <3 , I &.Tr > -a66 I -a93 I LI I M J I 13 : "i~4lLttlT 

*h o t nn i m i 174 i iu i in i mi i ix\ \ <u \ in \ U4 i iui t 

I 139 »J >3L."i~3.ia"j «U4 I -X12 I 1L4 I 12.4 1 0.9 i 417 j~.fl.01 | -OJtI 



1 


I mi t 12.7 1 am i a.71 


1 au 1 


10.4 


I 10.6 1 


1.2 t tO.M 1 QUi2 


LM 




1 1 ifewn 1 154 1 


1 .1.44 1 




i I 


imp* ' 1 





titnc: tivi first Itrvvi vw ixdiutad in ihe man ajeulaupn 



23 



3Q 



26 



4C 



-AS 



5a 



£2 
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TABLE 9 

Porf orm^tnco Using %R of capture Band 1 

5" 



With No Band Ratioing 


and 


No IR 


Correction 








ft£c*v«rr4 D)PD. ftM 










DM*. nM l 




• id < V,CV 1 lUu 1 %BU* 1 rwfe 




ti 




1 V.Bta* 


11 


7.3 


• 10 3 1 131.16 1 -3 53 \ 


1 4) 


Z9 I 


4 ! 


I I4VIA I *U0 


1 -3L29 




J«.l 


> 1 31.9Q 1 5-30 \ 16 06 


1 1.1 


1 » 1 


01 


I 42.11 1 0.74 


1 


r n ' 




4 A i 6w£Q 1 -L.10 I *LJ2 


i 1.1 


7* i 


Q.! 


< L33 1 .0.19 


1 .Ltt 


i 1 10 


IH 9 


• LCI-* 1 9*4 t 4,90 1 4<5 


Z0.7 






' 9.22 1 0 96 


I 4,64 






20 1 I 1163 ) .5.90 4 O Jl 


1 11.4 


13.0 


i.; 


• 10.13 1 -0 44 


i ->36 




164. J 


• 217 | 10.41 t - 1 OLfp 1 -3.19 


' 10,4 


too 


1 1 


• 16.00 1 .0.37 








i I i I III 


1 


i 


■an 







ncte. tr.s ririt (cvei was cncdudnd in the mean caicuiauon 

50 
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TABL E 10 

performance Using %R of Capture Band 
3Q With No Band Rdtioing But With IR Correction 



99 







Ram* 




1 




1 


BFDK3L *Mh*H 


1 WX-M 




»4 


1 %CV| I V.ftUi ( 


JO*. . 


t wmim 


■4 


\ %CV | 14u I 


tl 


7.4 1 


10.1 


1 134.491 .3,40 1 


1 


4 1 


11 


4 1 


* 14443 1 -US 1 -1Z44) 


JJ 


14.1 I 


11.4 


1 24,14 t 110 f 


i7.it 1 


1-7 


4 2.0 


0.7 


1 3J.O0 1 0.34 1 VMS 


T7 


1 612 ) 


1.1 


I J.M 1 OJD 1 


-4.A2 1 




I 7.7 


0.5 


t 4.49 I -aJq t -4.10 


Ufl 




Tl 


» Id? 1 f 


127 t 




;,2*o 


H.. 


i Mi l u« I Lot 


L« 


1 Mil 1 


140 


I tail 1 t 


~U2 1 




I 119 





1 1 -0.M 1 -4.17 


175 


I its.* 1 


44 6 


J 14 66 1 1X10 1 


5.M i 


104 


■ 11.0 


J 10 


1 It!l 1 6<Ll 1 4.4P 




1 1 


1MD 


1 IXJM 1 


4JU t 




1 


1 mwmn 


1 I4JU I f 



4D 



45 

1. A method for doiarmining the concentration of an anaJyte in a sample of body fluid which comprises tho stepa of: 

a) providing a test matrix through which tho fluid sample can flow by capillarity, said strip having a first region 
which contains mobile specific binding partner for tho analyte which binding partner bears a dolactabJe label 

so and can react with the onaly te to form an anAtyte/laheled binding partner complex, at least one second region 

which contains irrwnobilizad analyta or an immobilized binding partner which is specific for an epitope of the 
anoJylo different than that to which the labeled binding partner is spocrffc, at feast one third region which con- 
tains moans for capturing tho artalyta/Tabeled specific binding partner complex which is not bound In the sec- 
ond ragion find ft fourth region which contains means for producing a detectable signal the intensity of which 

54 corraspondo to tho level of a socond analyto whose concentration is clinically related to that of the first onaJyte 

whose concentration ts being determined; 

b) developing the matrix by applying a sample of a body fluid suspected of containing tho f iret and second ana- 



13 

Received from < 1 978 341 0136 > at 8118/03 3:25:32 PM [Eastern Daylight TimepT version: i . 03 . 0002 



AUG-18-2003 HON 03:12 PM HBSR 



FAX NO. 1 978 341 0136 



P. 15 



EP0B95 0&4 A2 

rylcs thereto thereby allowing It to contact lha labeled specific binding partner so that analyte present In the 
Hi j Id sample LiifxJji to tha labeled specific binding partner ta form a complex while 1 raving excess, unreacted 
k'ibulad binding partner lioe to further react whereby lha llufd sample carries the qnalyto/labelad binding part- 
ner complex and unreacted kifoaf©d binding partner along the matrix by capillarity to the second region eontam- 
5 inn the immcbifced analyte in which region unreacted labeled binding partner is bound to the immobilized 

aivilyto In inverse relationship to the concentration of the first anatyto in the fluid test sample or is bound to the 
immobilized sp&citfc binding partner in a direct relationship to the concentration of analyte in tho fluid test cam' 
plo; and tho Inbolod specific binding partner which did not bind to the second region Is carried by capillarity to 
the third region wfwro it if; immobilized by the Immobilization means; 

U) 

c) reading the second region of the developed matrix on an instrument having a detector capable of measuring 
tho clonal from tha daloclatilo label to determine the concentration of the labeled binding partner in the second 
zone and reading the tfiird zone of the developed strip in a similar manner to determine the signal from the 
labeled binding partner in the third zone of the matrix; 

d) determining the final response signal by ratioing the signals from the labeled binding partner captured in the 
second r&gion and tho Inhaled binding partner immobilized In the third region; 

oj detai n lining the concorrtration of the lirei analyle in the fluid sample by comparing the final response signal 
20 dote nn in ad in step d with final response signals determined in a similar manner for fluid samples containing 

Known concentrations of the first analyte; 
and 

f) Gorrtjtrtnrj the concentration of first analyte determined in slop c by determining tha concentration of the eec- 
as ond analylo in tho lluic) test sample by measuring the intensity of the signal in the fourth region of the strip and 

lhon dotorn lining the r^tio of tha second analyte to tha first anaryte whose quantitative concentration is being 
sought. 

2. The method of Claim 1 wharcin the body fluid Is urine, whole bleed, pliisma, scrum, sweat or saliva, 

3- The method of Claim 2 wherein the body fluid Is whole blood, the first analyte is HhA 1c and the second analyte is 
total hcimogtobin. 

4. The method of Claim 2 wherein thft body fluid is serum, the first anaJyto is trans errin and the second analyte is 
as transfurring-iron binding capacity, 

€* The method of Claim 2 wherein the body fluid is urine, the first analyto is a urine borne substance and the second 
analyte is a material whose concentration is a measure of renal clearance. 

40 fi. Tho method of Claim 3 wheroin the second analyte Is creatinine or inulin. 

7. Tho method of Claim 6 wherein the firsl analyte is deoxypyridinoline, human serum albumin, amphetamines, bar- 
btiu&tos, cocalno, prostate specific antigen, lactele dehydrogenase, N-acetyl-B-D-glucosamindase, human chori- 
onic gonadotropin, follicle stimulating hormone, lutenizing hormone, Tamm-Horsfall proton, lipopolysaccharide, 
4S h^ta-K-microgtobtilirt, amylase and chlamydial LPS. 

0, Tho molhod of Claim 2 wherein the body fluid is whole blood or serum, the fret analyte is total prostate epecifki anti- 
gon and tho ssocond analyte is free prostate specific antigen. 

so 9, The method of Claim 1 wherein the first analyte is alanine aminotransferase and the second analyte is aspartate 
aminotransferase. 

1 0. Tha molhod of Claim 1 whoroin the matrix is in the Form of a strip through which the fluid sample flows horizontally. 

ss 11 > Trie malhod of claim 1 wherein the second region of the tost matrix is divided Into 3 discrete bands, th e third region 
Is a single band and Ihe final response signal is determined by solving the equation: 

Response Signal - fT/P ^ 
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whara T is thcs summation of the signal from nil four bands and is the first band of the second region. 

12, "I ha method of Claim 1 wherein the second and third regions of the last matrix are divided into multiple capture and 
detection bands rtspeclivefy and the final response signal is determined by solving ihe equalion; 

£ 

flesncmse Signal =* Capture Band 1/Detection Bond 1 

whore capturd band 1 is the signal from the first band of the second region and detection band 1 is the signal from 
the f irat band of Ihti third region. 

rp 

13, The method of Claim 1 wherein the strip Is road by use of a reflectance meter which Is equipped with software 
which is pre* programme wtth. the appropriate algoiilhm for the determination erf the final response signal from 
rcjlloctanca signals racoivod from tho 1 ir&t and second regions and for the determination of the concentration of the 
second analy ta from tho reflectance signal received from the fourth region and for the determination of the ratio of 

f j the ccincentralton of the second analyte in the sample of body fluid to the concentration of the first analyio to deter- 
mine the corrected concentration of the first analyte, 

14, A method for the detection of tho concentration of an analyte in a sample erf body fluid which comprises: 

2Q a) applying the tody fluid to a murfooned strip having a first zone which contains mobile specific binding part- 

ner for the analyte which blnclng partner bears a visually detectable label and can react with th e analyte to form 
an analytcJIabeled specific binding partner complex, at least one second region which contains Immobilized 
annlyte or an immobilized binding partner tor an epitope of the analyte different than that to which the labeled 
specific binding paitner ia specific and at least one third region which contains means for caplurfng the ana- 

SB lytoyiabelod spaotic binding partner complex which is not bound in the second region; 

b) determining th<* amount of labeled specific binding partner captured in the second region(s) by means of a 
reflectance meter which is able to detect reflectance tut a wavelength at which the visible label reflects light and 
determining tho amount of analyta/lnbeled specific binding partner complex Is Immobilized in tho third rogion(s) 

jo In a similar manner; 

c) determining a final response signal by ratioing the reflectance signals from the labeled specific binding part- 
ner captured In tfia second region(s) and tho labeled binding partner immobilized tn the third region(s) using 
an algorithm and a number of second and third regions chosen in a manner which provides a final response 

qs signal that can bo road with enhanced precision by the reflectance meter; 

d) determining the concentration of the analyte by comparing the final response signal with final response sig- 
nals determined in the same manner for body fMd samples containing known concentrations of the analyte, 

4<t 13, The method of Claim 1 wherein the second region Df the strip is divided in to 3 bands, the third region is a single 
band and tho final re&pon&e signal is determined by solving the equation; 

Response Signal «r [TfP J 

4$ where T Is the summation of the clonal from all tour bands and P 1 is the first bend of the second region. 

16. Thti method of Claim 1 wherein the second and third regions of Iho lest strip are divided into multiple capture and 
detection bands respectively and the final response signal is determined by solving the equation: 

&> Response Signal - Capture Band 1/Detection Rand 1 

whore capture band 1 is tho signal from the first band of the second region and dotcction band 1 is the signal from 
the first band of Ilia second region. 

ss *I7. Th3 method of Claim 1 « whorein the strip contains a tourth region which contains means for producing a visually 
detectable signrtl, Iho intensity of which corresponds to the level of a second analyte In the body fluid whose con- 
centration is clinically rotated to rhot of tho analyte whose concentration is being determined and wherein the final 
reofjonso signal Is corrected by deter n lining thA ratio of tho anaiyto whoso concentration is being sought to the sec- 
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ond nnaiyia. 

1& 'lhr» method of Claim 1 wherpin tha body fluid is urine and tha analyto is deoxypyridinoline. 

5 Id- The method or Claim 17 whorefn the body fluid Is urine, lhe first analyte Is a urine borne substance and the second 
annlyto is a material whoso concentration i£ a measure of renal ctoarancq. 

20, Tho method of Claim 5 wherein the second artalyta is creatinine. 

10 21 . The method o| Claim 14 wherein the strip is read by use of a reflectance meter which is equipped with software 
which Is pro-programmed with the appropriate algorithm for Ihe determination of the final response signal from the 
fGfloDtnnca sfcjnnlii received from ihe socand and third regions. 

22, The mathocl of Claim 21 wherein tlio strip contains a fourth region which contains means for producing a spectro- 
u> metrically detectable signal, tho Intensity of which corresponds to the level of a second analyte in the body fluid 
whoae concentration Is clinically related to that of the analyte whose concentration is being determined and tho 
reflectance motor ia oquippod with software which Is preprogrammed for the determination of tha concentration of 
tlio anaiyte baued on lhe r of lection from the fourth region and for tha determination of the ratio of the concentration 
of tho second anaiyla lo \ha\ of the first analyte as determined from the final response signal to determine the cor- 
so reeled concentration of tho first anitfyte. 
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FIG. 1 
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STANDARD CURVE FOR DPD ASSAY 



o. 




FIG. 2 
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